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(57) ABSTRACT

There 1s provided an inspection apparatus, including: an
illuminator configured to irradiate a pattern, a detector
configured to detect a reflected light from the pattern, and a
calculator configured to compare a first change and a second
change to calculate a deviation between the first and second
changes. The first change which 1s a change, of a detection
result of a pattern formed by a plurality of first exposure
conditions, with respect to the first exposure conditions. The
second change which 1s a change, of a detection result of a
reflected light, from a pattern, generated by wrradiating the
pattern with the i1llumination light. The pattern 1s formed by
a plurality of second exposure conditions each having a
predetermined interval 1n a range which has at least one part
overlapping with a range of the first exposure conditions,
with respect to the second exposure conditions.
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INSPECTION APPARATUS AND
INSPECTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation Application of International Appli-
cation No. PCT/JP2011/002512 filed on Apr. 28, 2011 which

claims priorities to Japanese Patent Applications No. 2010-
105868 and No. 2010-105869 both filed on Apr. 30, 2010.
The contents of the atorementioned applications are incor-
porated herein by reference 1n their entirety.

BACKGROUND

Field of the Invention

The present mnvention relates to an ispection apparatus
and an inspection method for inspecting a semiconductor
substrate exposed by an optical exposer.

Description of the Related Art

As a method for finding an optimal focus condition and an
optimal dose amount (exposure amount) of an optical
exposer, there has been known a method for using a water
(heremaftter, referred to as an FEM wafter) which 1s exposed
by the optical exposer while changing the focus and the dose
amount for each shot (for example, see Japanese Patent
Application Laid-Open No. 2007-304054). In this method,
for example, 1n a case that a line pattern 1s exposed and
projected to a surface of the FEM water, a spot at which the
profile (line width) of the pattern changes depending on
change of the focus 1s measured by an electron microscope
(CD-SEM); and 1t 1s found a graph (hereinafter, referred to
as a line-width reference focus curve) showing change of the
line width (vertical axis) with respect to change of the focus
(horizontal axis). Here, a focus value having a maximum
line width 1s defined as the best focus; and 1t 1s found the
focus value having the maximum line width 1n the line-
width reference focus curve. In particular, a plurality of line
widths, each depending on change of the focus 1n the same
dose amount, are measured; the line-width reference focus
curve 1s found by using an average value of the measured
line widths; and the focus value having the maximum line
width in the line-width reference focus curve 1s found as the
optimal focus condition (best focus) of the optical exposer.

Further, a spot at which the profile (line width) of the
pattern changes depending on change of the dose amount 1s
measured by the electron microscope (CD-SEM); and it 1s
found a graph (hereinafter, referred to as a line-width
reference dose curve) showing change of the line width
(vertical axis) with respect to change of the dose amount
(horizontal axis). Then, a dose amount, 1n which a line width
of a setting value can be found in the line-width reference
dose curve, i1s obtained as the optimal dose amount (best
dose amount) of the optical exposer.

SUMMARY

According to an aspect of the present teaching, there 1s
provided that an inspection apparatus, including:

an 1lluminator configured to 1rradiate a pattern formed by
an exposure with an 1llumination light;

a detector configured to detect a reflected light from the
pattern to which the illumination light 1s wrradiated; and a
calculator configured to compare a first change which 1s a
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2

change, of a detection result of a pattern formed by a
plurality of first exposure conditions, with respect to the first
exposure conditions and a second change which 1s a change,
of a detection result of a reflected light, from a pattern,
generated by irradiating the pattern with the illumination
light, the pattern being formed by a plurality of second
exposure conditions each having a known predetermined
interval 1n a range which has at least one part overlapping
with a range of the first exposure conditions, with respect to
the second exposure conditions; and to calculate a deviation
between the first change and the second change.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an overall construction of a surface ispec-
tion apparatus.

FIG. 2 shows a state of inserting a polarizing filter into an
optical path of the surface mspection apparatus.

FIG. 3 15 an external view of a surface of a semiconductor
wafer.

FIG. 4 1s a perspective view for explaining a concavo-
convex structure of a repetitive pattern.

FIG. 5 1s a diagram for explaining a state of inclination
between an 1ncidence surface of a linear polarized light and
a repetitive direction of a repetitive pattern.

FIG. 6 1s a flowchart showing a method for performing
setting with respect to the same process for a plurality of
optical exposers.

FIG. 7 1s a flowchart showing a method for finding
variation states ol a focus and a dose amount for a plurality
ol optical exposers.

FIG. 8 shows an example of a FEM wafer.

FIGS. 9A and 9B are diagrams 1n which waters exposed
by different optical exposers under the same condition are
compared.

FIG. 10 shows an example of a reference focus curve and
a sample focus curve.

FIG. 11 shows a state 1n which the reference focus curve
1s fitted to the sample focus curve.

FIG. 12 1s a block diagram showing a film-thickness
calculator.

FIG. 13 shows a correspondence relation between a film
thickness and reflectance of each wavelength.

FIG. 14 1s a flowchart showing a fitting calculation
Process.

DESCRIPTION OF TH.

L1

EMBODIMENTS

Hereinbelow, referring to the accompanying drawings, an
embodiment of the present teaching will be explained. FIG.
1 shows a surface mspection apparatus of this embodiment,
which 1s utilized to ispect the surface of a semiconductor
water 10 (to be referred to as a water 10 hereinbelow) which
1s a semiconductor substrate. As shown 1n FIG. 1, the surface
inspection apparatus 1 of this embodiment 1s provided with
a stage 5 configured to support the approximately disk-
shaped water 10, which 1s carried therein by a carrier device
(not shown) and placed on the stage 5 while being fixed and
held by vacuum suction. The stage 5 supports the water 10
to be rotatable (within the surface of the water 10) with a
rotational symmetrical axis of the water 10 (the central axis
of the stage 5) as the rotation axis. Further, the stage 5 can
t1lt the water 10 about an axis along the surface of the water
10 (an axis substantially perpendicular to a plane contains an
optical axis of an incident light and an optical axis of a
reflected light), and can adjust an incidence angle of illu-
mination light.
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Further, the surface inspection apparatus 1 1s configured
to be provided with an 1llumination system 20 configured to
irradiate the surface of the wafer 10 supported on the stage
5 with an 1llumination light as a parallel light; a light
receiving system 30 configured to condense reflected light,
diffracted light, and the like, from the water 10 receiving the
irradiation of the 1llumination light; an 1maging device 33
configured to detect an 1image of the surface of the water 10
receiving the light condensed by the light receiving system
30; an 1mage processing section 40; a storing section (a
memory section) 41; and a film-thickness calculator 50. The
illumination system 20 1s configured to include an 1llumi-
nation umt 21 configured to emit the i1llumination light; and
an 1llumination-side concave mirror 25 configured to reflect
the 1llumination light emitted from the 1llumination unit 21
toward the surface of the water 10. The 1llumination unit 21
1s configured to include a light source 22 such as a metal
halide lamp, a mercury lamp, and the like; a light adjusting
section 23 configured to adjust light intensity by extracting
the light having a predetermined wavelength from the lights
from the light source 22; and a light guiding fiber 24
configured to guide the light from the light adjusting section
23 as the illumination light to the illumination-side concave
mirror 25.

Then, the light from the light source 22 is passed through
the light adjusting section 23, and the illumination light
having a predetermined wavelength (248 nm, for example)
1s emitted from the light guiding fiber 24 toward the 1llu-
mination-side concave mirror 25. Then, because the exit
portion of the light gmiding fiber 24 1s arranged on the focal
plane of the illumination-side concave mirror 25, the illu-
mination light emitted from the light guiding fiber 24 to the
illumination-side concave mirror 25 becomes a parallel light
beam due to the illumination-side concave mirror 25 to
irradiate the surface of the water 10 held on the stage 5.
Further, 1t 1s possible to adjust the relation between the
incident angle and the exit angle to the wafer 10 for the
illumination light by tilting the stage 5 to change the angle
of placing the water 10.

Further, between the light guiding fiber 24 and the 1illu-
mination-side concave mirror 25, an 1llumination-side polar-
1zing filter 26 1s provided to be insertable into and removable
from the optical path. As shown 1n FIG. 1, under a condition
that the 1llumination-side polarizing filter 26 1s removed
from the optical path, mspection 1s carried out by utilizing
diffracted light (to be referred to as diffraction ispection
hereinbelow for convenience) and, as shown in FIG. 2,
under a condition that the 1llumination-side polanzing filter
26 15 1nserted 1n the optical path, inspection 1s carried out by
utilizing polarized light (by utilizing a change in polarization
state due to form birefringence). This inspection will be
referred to as PER 1nspection hereinbelow for convenience,
and the illumination-side polarizing filter 26 will be
described in detail hereinafter.

The light receiving system 30 condenses the exit light
(difiracted or reflected light) from the surface of the watler
10. The light receiving system 30 mainly includes a light-
receiving-side concave mirror 31 provided to face the stage
5. The exit light condensed by the light-receiving-side
concave mirror 31 (diffracted or reflected light) reaches the
imaging plane of the imaging device 33 to form an 1mage of
the water 10.

Further, a light-receiving-side polarizing filter 32 1s pro-
vided to be imsertable into and removable from the optical
path between the light-receiving-side concave mirror 31 and
the 1maging device 35. As shown i FIG. 1, under a
condition that the light-receiving-side polarizing filter 32 1s
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removed from the optical path, diffraction inspection 1s
carried out. As shown 1n FIG. 2, under a condition that the
light-receiving-side polarizing filter 32 1s inserted in the
optical path, the PER 1nspection 1s carried out (the light-
receiving-side polarnizing filter 32 will be described in detail
hereinafter).

The imaging device 335 photoelectrical converts the sur-
face 1image of the water 10 formed on the 1imaging plane to
generate an 1mage signal and output the 1mage signal to the
image processing section 40. The image processing section
40 generates a digital image of the water 10 based on the
image signal of the water 10 mputted from the imaging
device 35. An mner memory (not shown) of the image
processing section 40 previously stores 1image data of non-
defective wafers. After generating an 1image of the water 10
(digital 1mage), the 1mage processing section 40 compares
the 1mage data of the wafer 10 with the image data of
nondefective walers, and inspects whether or not there 1s any
defect (abnormity) in the surface of the water 10. Then, the
inspection result from the image processing section 40 and
the 1mage of the relevant wafer 10 are outputted and
displayed on an image display device (not shown). Further,
the 1image processing section 40 1s configured to be capable
of setting the focus condition or the dose amount (exposure
amount) ol the optical exposer 60 by utilizing data 1n
relation to the optical exposer 60 stored 1n the storing section
41 (details will be described hereinatter).

By the way, the optical exposer 60 projects a predeter-
mined mask pattern on the wafer 10 and exposes the
uppermost resist film of the waler 10. The wafer 10 1s
developed by a development device (not shown) and then
carried onto the stage 5 by a carrier device (not shown) from
a waler cassette (not shown) or the development device.
Further, at this time, the water 10 1s carried onto the stage 5
in a state of being aligned with the pattern or the outer edge
(notch, orientation flat or the like) of the wafer 10 as the
reference. Further, on the surface of the water 10, as shown
in FIG. 3, a plurality of chip regions 11 (shots) are arranged
horizontally and vertically (1in X and Y directions 1n FIG. 3),
and 1n each chip region 11, a repetitive pattern 12 1s formed
as a semiconductor pattern such as a line pattern, a hole
pattern, or the like. Detailed 1illustration 1s omitted. The
optical exposer 60 1s electrically connected to the surface
inspection apparatus 1 of this embodiment via cables and the

like.

The film-thickness calculator 50 finds or obtains the film
thickness of a thin film, such as the resist film and a silicon
dioxide film, from the image data of the water 10 generated
by the 1image processing section 40 (details will be described
hereinafter). As shown 1n FIG. 12, the film-thickness calcu-
lator 50 1s electrically connected to a measurement condition
holding section 48 and a reflectance data calculator 49.
There 1s stored, in the measurement condition holding
section 48, measurement condition information including
the incidence angle of the 1llumination light to the water 10,
spectroscopic intensity (intensity for each wavelength) of
the 1llumination light emitted from the i1llumination unit 21,
and spectral sensitivity (sensitivity for each wavelength) of
the imaging device 35 and complex refractive index for each
wavelength of the base material (for example, S1) and the
thin film of the water 10.

It 1s possible to specily, 1n advance, the complex refractive
index for each wavelength of the base matenal of the wafer
10 and the complex refractive index for each wavelength of
a substance forming the single-layered thin film formed on
the base material of the water 10 by measuring at least one
reference point (for example, a center position of the water
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10) of the water 10, for example, by using a refractive index
measurer utilizing ellipsometry. Then, based on the complex
refractive index for each wavelength specified as described
above and the incidence angle of i1llumination light to the
water 10, the reflectance data calculator 49 can calculate the
reflectance including interference of the reflected light from
the surface and the back surface of the thin film, 1n a case
that the thin films having various film thicknesses are each
tormed on the base material of the wafer 10 under an angle
condition which 1s realized by the 1llumination system 20 as
shown 1n FIG. 1.

For example, the following case 1s allowable. That 1s, the
complex refractive index of the base material (for example,
S1) of the water 10 and the complex refractive index of the
matenal (for example, S10,) of the single-layered film are
substituted 1n a formula used for thin-film interference
corresponding to the angle condition as described above;
and the reflectance 1s calculated within a range of the film
thickness 1070 nm to 1370 nm, for example, 1n a case that
the 1llumination light 1s supposed to be the wavelengths of

h-ray (wavelength 405 nm), g-ray (436 nm), e-ray (546 nm),
ctc., while changing the film thickness every 10 nm. Then,
the calculatlon result 1s retained 1n a reflectance table 51 of
the film-thickness calculator 50. For example, with respect
to the respective illumination lights having the wavelengths
of 405 nm, 436 nm, and 546 nm, reflectance curves, each of
which 1s obtained by calculating the reflectance from the
thin film of silicon dioxide having each film thickness shown
on the horizontal axis, are depicted by bold solid lines (405
nm), bold dashed lines (436 nm), and non-bold alternate
long and short dash lines (546 nm) 1in FIG. 13.

Further, the following case 1s also allowable. That 1s, a
geometric film thickness of the thin film on at least one
reference point as described above 1s measured, for example,
by a film-thickness measurement machine provided sepa-
rately. Then, the measurement result(s) 1s/are retained in a
f1lm-thickness data holding section 56 and used for correc-
tion of the film-thickness measurement based on the reflec-
tance.

In order to carry out the diffraction imspection of the
surface of the water 10 by utilizing the surface inspection
apparatus 1 configured i1n the above manner, first, the
1llumination-side polarizing filter 26 and the light-receiving-
side polarizing filter 32 are removed from the optical path as
shown 1 FIG. 1, and the watfer 10 1s carried onto the stage
5 by the carrier device (not shown). Further, it 1s possible to
place the watfer 10 on the stage 5 1n predetermined position
and direction since an alignment mechanism (not shown)
acquires positional information of the pattern (notch, orien-
tation tlat, or alignment mark) formed on the surface of the
waler 10 1n carrying.

Next, the stage 5 1s rotated such that the direction of
illuminating the surface of the water 10 coincides with the
repetitive direction of the pattern (in the case of a line
pattern, the illumination direction 1s perpendicular to the
line). Further, the stage 5 1s set (tilted) to satisty the
following equation (Eq. 1) by Huygens’ principle, where
“P” represents the pattern pitch, “A” represents the wave-
length of the 1llumination light irradiating the surface of the
water 10, “01” represents the incidence angle of the 1llumi-
nation light, and “02” represents the exit angle of the
nth-order diffracted light.

P=nxh/{sin(01)-sin(02)} (Eq. 1)

Next, the 1llumination system 20 1rradiates the surface of
the water 10 with the illumination light. When 1rradiating,
the surface of the water 10 with the illumination light under
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such a condition, the light from the light source 22 1in the
illumination unit 21 1s passed through the light adjusting
section 23. The illumination light having a predetermined
wavelength (for example, 248 nm or emission-line spectrum
of mercury) exits from the light guiding fiber 24 to the
illumination-side concave mirror 25, and the i1llumination
light reflected by the illumination-side concave mirror 25
becomes a parallel light beam to 1rradiate the surface of the
waler 10. The diffracted light difiracted by the surface of the
waler 10 1s condensed by the light-receiving-side concave
mirror 31, and reaches the 1maging plane of the 1maging
device 35 to form a (diffraction) image of the water 10.

Here, the imaging device 35 photoelectrical converts the
surface image of the water 10 formed on the 1imaging plane
to generate an 1mage signal, and outputs the 1mage signal to
the 1mage processing section 40. The image processing
section 40 generates a digital image of the water 10 based on
the 1image signal of the water 10 inputted from the imaging
device 35. Further, after generating the image (digital image)
of the water 10, the 1image processing section 40 compares
the 1image data of the wafer 10 with the image data of
nondefective walers to mspect whether or not there 1s any
defect (abnormity) in the surface of the water 10. Then, the
ispection result from the 1mage processing section 40 and
the 1mage of the relevant water 10 are outputted and
displayed on the image display device (not shown).

Further, 1n a case that the same pattern 1s formed by
performing exposure using each of the plurality of optical
exposers and that the dose amount (exposure amount) and/or
the focus condition 1s/are varied from each of the optimal
states 1n each of the optical exposers, the profile of the
pattern formed by performing the exposure using each of the
optical exposers 1s more likely to change 1n accordance with
cach of the variations. Thus, 1n a case that the setting with
respect to the same pattern 1s performed for each of the
optical exposers 60, the image processing section 40 1s
capable of performing the settings of the focus condition and
dose amount for each of the optical exposers 60 subsequent
to a second optical exposer by using data of the focus
condition and dose amount (exposure amount) set 1n a first
optical exposer 60. Here, an explanation will be made about
a method for performing setting with respect to the same
process for the plurality of optical exposers 60 with refer-
ence to a flowchart shown 1n FIG. 6. At first, as shown 1n
FIG. 8, 1t 1s formed a water (hereinafter, referred to as a FEM
waier 10a) 1n which a repetitive pattern (in this embodiment,
the repetitive pattern 1s supposed to be a line pattern) 1s
formed while changing the focus and the dose amount of the
optical exposer 60 for each exposure shot 1n a stepwise
manner in accordance with each of the preset values (step
S101). In this situation, the exposure i1s performed while
changing the focus and the dose amount 1n a matrix state for
cach exposure shot and the development i1s performed.
Noted that the central thick-frame 1n FIG. 8 corresponds to
a reference shot (for example, the shot exposed by the
optimal focus condition and dose amount in terms of
design); and the vanations of the focus condition and dose
amount for each shot with respect to the reference shot are
expressed by shading of hatching.

After forming the FEM water 10aq, 1n a case that the
settings are performed for the first optical exposer 60 (step
S102: YES), the line width of the line pattern which 1s
formed on the surface of the FEM water 10a by the first
optical exposer 60 1s measured by using an electron micro-
scope (CD-SEM) for each of the five spots 1n one exposure
shot; and the measurement 1s performed for all of the
exposure shots (step S103). As the measurement spot of the
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line width, it 1s possible to select the spot at which the profile
(line width) of the pattern 1s changed depending on the
changes of the focus and dose amount. Further, as needed,
it 1s possible to select the spot at which the profile (line
width) of the pattern 1s changed 1n response only to the
change of the focus; or it 1s possible to select the spot at
which the profile (line width) of the pattern i1s changed in
response only to the change of the dose amount.

After measuring the line width of the line pattern by using
the electron microscope (CD-SEM), 1t 1s manually found a
graph (line-width reference focus curve) showing change of
the line width (vertical axis) with respect to change of the
focus (horizontal axis) for each of the five measurement
spots 1n the exposure shot (step S104). In this situation, the
line-width reference focus curve 1s found so that each line
width (or roughness) depending on the change of the focus
1s measured in the same dose amount (best dose amount 1s
desired). In a case that the water, in which the shot with the
same focus and dose amount 1s performed a plurality of
times, 1s used, a plurality of line widths (or roughnesses) are
measured for the plurality of shots with the same focus and
dose amount: and the line-width reference focus curve i1s
found by using an average value of the measured line widths
(or roughnesses). After finding the line-width reference
focus curve, a focus value having a maximum line width (1n
a case ol the roughness, a focus value having a minimum
roughness) 1s defined as the best focus; and the focus value
having the maximum line width in the line-width reference
focus curve 1s found as the optimal focus condition (best
focus) of the optical exposer 60. Accordingly, 1t 1s possible
to set the optimal focus condition for each of the five spots
in the exposure shot 1n the first optical exposer 60. As for the
line-width reference focus curve, 1t 1s possible to find the
graph and the optimal focus condition by sending the data to
a computer (not shown) from the electron microscope (CD-
SEM) and performing the least-squares method etc.

After measuring the line width of the line pattern by using
the electron microscope (CD-SEM), 1t 1s manually found a
graph (line-width reference dose curve) showing change of
the line width (vertical axis) with respect to change of the
dose amount (horizontal axis) for each of the five measure-
ment spots 1 the exposure shot. In this situation, the
line-width reference dose curve 1s found so that each line
width depending on the change of the dose amount 1s
measured 1n the same focus (best focus 1s desired). In a case
that the water, 1n which the shot with the same focus and
dose amount 1s performed a plurality of times, 1s used, a
plurality of line widths are measured for the plurality of
shots with the same focus and dose amount; and the line-
width reference dose curve 1s found by using an average
value of the measured line widths. After finding the line-
width reference dose curve, a dose amount in which the line
width of a design value 1s obtained in the line-width refer-
ence dose curve 1s found as the optimal dose amount (best
dose amount) of the optical exposer 60. Accordingly, 1t 1s
possible to set the optimal dose amount for each of the five
spots 1n the exposure shot 1n the first optical exposer 60. The
focus condition and the dose amount obtained as described
above are, for example, manually 1mnputted to the first optical
exposer 60. As for the line-width reference dose curve, 1t 1s
possible to find the graph and the optimal dose amount by
sending the data to a computer (not shown) from the electron
microscope (CD-SEM) and performing the least-squares
method etc., 1n a similar manner as the line-width reference
focus curve. Further, 1t 1s possible to mput the optimal focus
condition and the optimal dose amount to the optical exposer
60 by using commumnication method (cable or radio).
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In a case that the settings are performed for each of the
optical exposers 60 subsequent to the second optical exposer
among the plurality of the optical exposers 60 (5102: NO),
an 1mage ol an entire surtface of the FEM waler 10q, 1n
which the line pattern 1s formed by each of the optical
exposers 60 subsequent to the second optical exposer, 1s
taken (step S105). Here, 1n a similar manner as in the case
of the diffraction mspection, the FEM water 10q 1s carried
onto the stage 5; the illumination system 20 irradiates the
surface of the FEM water 10a with the illumination light;
and the i1maging device 35 photoelectrical converts the
diffraction image of the FEM waler 10a to generate the
image signal and output the image signal to the image
processing section 40. Further, in this situation, the difirac-
tion condition of the FEM water 10q 1s found by utilizing
information of the exposed mask pattern or diffraction
condition search (to measure the intensity of the diffracted
light by tilting the stage 5 1n an angular range other than
specular condition) to perform the settings 1 a similar
manner as in the case of the diffraction 1nspection to obtain
the difiracted light. The diflraction condition search refers to
the function of changing the tilt angle of the stage 5 1n a
non-specular angular range 1n a stepwise manner and acquir-
ing an image at each tilt angle to find the tilt angle for a
brighter image, that 1s, the difiracted light 1s obtainable. An
azimuth of the FEM wafer 10a (posture of the exposed
pattern with respect to the i1llumination direction of the
illumination light) 1s arranged so that the repetitive direction
of the exposed pattern (in the case of the line pattern, the
direction 1s perpendicular to the line) coincides with the
illumination direction.

After the focus condition and the dose amount are set to
be the optimal states in the first optical exposer 60, in a
similar manner as in the case of the diflraction mspection,
the 1mage of the entire surface of the FEM water 10q, n
which the line pattern 1s formed by the first optical exposer
60 sct 1n the optimal state, 1s taken 1n advance by using the
surface ispection apparatus 1 of this embodiment. After
taking the image of the entire surtface of the FEM water 10a
in which the line pattern 1s formed by the first optical
exposer 60, the image processing section 40 of the surface
inspection apparatus 1 finds, for each of the five measure-
ment spots in the exposure shot, the graph (hereinbelow,
referred to as a reference focus curve) showing change of
luminance (signal intensity) of the diffracted light from the
line pattern (vertical axis) with respect to change of the focus
in an appropriate dose amount (horizontal axis); and stores
the graph in the storing section 41. In this situation, 1t 1s
measured, for each of the five measurement spots, the
luminance (signal intensity) of the diffracted light from the
line pattern depending on the change of the focus under the
appropriate focus condition and each of the dose amounts; a
relation between the change of the dose amount and the
change of the luminance 1s found; and the relation 1s stored
in the storing section 41.

After taking the image of the entire surface of the FE
waler 10a 1n which the line pattern 1s formed by each of the
optical exposers 60 subsequent to the second optical
exposer, the 1mage processing section 40 finds, for each of
the five measurement spots 1n the exposure shot, the graph
(heremnbelow, referred to as a sample focus curve) showing
change of the luminance (signal intensity) of the diffracted
light from the line pattern (vertical axis) with respect to
change of the focus (horizontal axis) (step S106). In this
situation, 1t 1s measured the luminance (signal intensity) of
cach of the plurality of diffracted lights from the line pattern
depending on the change of the focus in the same dose
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amount (best dose amount); the sample focus curve 1s found
by using an average value of the measured luminance (signal
intensity) of the diffracted lights.

In a case that each of the FEM waters 10q 1s formed by
one of the same type of optical exposers 60 under the same
settings, the profile of the line pattern formed on the surface
of the FEM wafter 10q differs in each device (that 1s, the
luminance (signal intensity) of the diffracted light from the
line pattern differs 1n each device), as shown in FIGS. 9A
and 9B while being compared with each other. In a case that
the image of the entire surface of the FEM water 10a 1s taken
by the surface inspection apparatus 1 of this embodiment,
the line patterns formed by the same type of optical exposers
60 are diflerent from one another such that change of state
of each of the patterns depending on changes of the focus
and dose amount 1s generated 1n the form of oflset horizon-
tally and vertically (in a case of FIG. 9B, oflset rightward
with respect to FIG. 9A). This difference corresponds to
changes of the focus and dose amount in each of the optical
exposers 60 subsequent to the second optical exposer with
respect to the first optical exposer 60. Thus, when the
settings are performed while correcting the changes, 1t 1s
possible to set the appropriate focus condition and dose
amount for each of the optical exposers 60 subsequent to the
second optical exposer by utilizing the data of the focus
condition and dose amount set 1n the first optical exposer 60.

Then, the 1mage processing section 40 of the surface
inspection apparatus 1 compares the reference focus curve
stored 1n the storing section 41 and the sample focus curve
to set the optimal focus condition and dose amount for each
of the optical exposers 60 subsequent to the second optical
exposer. FIG. 10 shows an example of a reference focus
curve CV1 and an example of a sample focus curve CV2. It
1s possible to utilize, for example, a fourth-order function for
the fitted curve of each of the reference focus curve CV1 and
the sample focus curve CV2. As for the diflerence between
the reference focus curve CV1 and the sample focus curve
CV2 generated 1n the same type of the optical exposers 60,
the difference 1n the direction of the horizontal axis 1s caused
by the change of the focus; and the difference 1n the direction
of the vertical axis 1s caused by the change of the dose
amount. The reason thereot 1s as follows. That 1s, although
the luminance (signal intensity) changes 1n accordance with
the change of the dose amount, the tendency between the
focus and the luminance change do not change other than
movement of the focus curve in the luminance direction.

In this situation, at first, the 1mage processing section 40
fits the reference focus curve CV1 to the sample focus curve
CV2 to have the best correlation by using an image process
of a pattern matching as shown in FIG. 11. A specific
example of the pattern matching includes a technique as
follows. That 1s, the reference focus curve CV1 and the
sample focus curve CV2 are approximated by a predeter-
mined function (for example, the fourth-order function); the
function approximating the sample focus curve CV2 1s
moved 1n the direction of the horizontal axis 1n a state that
the function approximating the reference focus curve CV1 1s
fixed; and a position, at which the sum of the square of the
difference between both of the tunctions in the direction of
the vertical axis 1s smallest, 1s determined as a position
having the best correlation. In FIG. 11, the illustration of the
fitted curve of the sample focus curve CV2 1s omitted. Next,
the 1mage processing section 40 finds respective moving,
amounts in the directions of the horizontal axis and the
vertical axis generated when the reference focus curve CV1
1s fitted to the sample focus curve CV2. This moving amount
in the direction of the horizontal axis corresponds to the

10

15

20

25

30

35

40

45

50

55

60

65

10

change of the focus of each of the optical exposers 60 (to be
subjected to the setting) subsequent to the second optical
exposer with respect to the first optical exposer 60; and the
moving amount 1n the direction of the vertical axis corre-
sponds to a luminance value caused by the change of the
dose amount.

Then, the image processing section 40 finds the focus
condition, in which the moving amount (change of the
focus) 1n the direction of the horizontal axis of the reference
focus curve CV1 1s added to the focus condition set for each
ol the optical exposers 60 subsequent to the second optical
exposer, as the optimal focus condition (best focus) of each
of the optical exposers 60 (to be subjected to the setting)
subsequent to the second optical exposer. That 1s, the mov-
ing amount 1n the direction of the horizontal axis generated
when the sample focus curve CV2 1s moved to be substan-
tially comcident with the reference focus curve CV1
obtained in the first optical exposer 1s found as the change
with respect to the optimal state of the focus condition of
cach of the optical exposers 60 subsequent to the second
optical exposer. Similarly, the 1image processing section 40
finds the dose amount, 1n which the moving amount (change
of the dose amount) 1n the direction of the vertical axis of the
reference focus curve CV1 1s added to the dose amount set
for the first optical exposer 60, as the optimal dose amount
(best dose amount) of each of the optical exposers 60 (to be
subjected to the setting) subsequent to the second optical
exposer. The correlation between the change of the dose
amount and the change of the luminance is preferably found
in advance.

Accordingly, the image of the FEM water 10a 1s taken by
using the surface mspection apparatus 1 of this embodiment
and the optimal focus condition and dose amount for each of
the optical exposers 60 subsequent to the second optical
exposer 1s found automatically by the image processing
section 40, and thus there 1s no need to measure the line
width of the line pattern by using the electron microscope
(CD-SEM). Therelore, 1t 1s possible to set the optimal focus
condition and dose amount for each of the five spots 1n the
exposure shot for each of the optical exposers 60 subsequent
to the second optical exposer in a short period of time. The
focus condition and dose amount obtained as described
above are, for example, outputted from the 1mage processing
section 40 to each of the optical exposers 60 (to be subjected
to the setting) subsequent to the second optical exposer.

It 1s allowable to form a plurality of FEM wafters to find
focus curves, respectively. In this case, the matrix of each of
the FEM walers 1s preferably set to cancel out the effect of
the condition(s) other than the focus condition (or dose
amount).

Further, 1in the case that the optimal focus condition and
dose amount are set for each of the optical exposers 60
subsequent to the second optical exposer and that the film
thickness (height of the pattern after the development) of the
resist film of the FEM water 10q 1s varied, the correlation
relation of the luminance (signal intensity) in the 1mage of
the FEM water 10a 1s not changed, but the luminance (signal
intensity) 1s changed as a whole. That 1s, 1n a case that the
film thickness of the resist film of the FEM water 10q 1s
varied, the reference focus curve CV1 and the sample focus
curve CV2 are each varied 1n the direction of the vertical
axis (that 1s, the luminance value caused by the change of the
dose amount 1s varied).

In view of the above, the following processes are prefer-
ably performed. That 1s, 1n the step S101, the film thickness
of the resist film of each of the waters to be exposed as the
FEM water 10aq 1s measured i advance (details will be
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described heremaftter) by using the surface inspection appa-
ratus 1 of this embodiment before the exposure by the
optical exposer 60 1s performed; and 1n the step S106, 1n the
case that the optimal focus condition and dose amount are
set for each of the optical exposers 60 subsequent to the
second optical exposer, the 1mage processing section 40
performs the corrections of the focus condition and dose
amount by using the film-thickness data of the water to be
subjected to the settings mnputted from the film-thickness
calculator 50. In particular, the luminance (vertical axis) of
the sample focus curve CV2 1s corrected depending on the
variation, of the film thickness of the water exposed by each
of the optical exposers 60 subsequent to the second optical
exposer, with respect to the film thickness of the wafer
exposed by the first optical exposer 60. This corrects the
variation of the luminance (signal intensity) due to the
variation of the film thickness, and thus it 1s possible to set
the optimal focus condition and dose amount with a high
degree of accuracy. The correlation between the variation of
the film thickness and the variation of the luminance (signal
intensity) can be found in advance.

After setting the optimal focus condition and dose amount
as described above, a water for confirmation (not shown), 1n
which the line pattern (repetitive pattern) 1s formed by the
optical exposer 60 having the settings of the optimal focus
condition and dose amount, 1s formed (step S107). In this
situation, the exposure 1s performed 1n the best focus state
and the best dose amount for all of the exposure shots and
then the development 1s performed.

After forming the water for confirmation (not shown), the
line width of the line pattern etc., formed 1n the surface of
the water for confirmation (not shown) 1s measured by using
the electron microscope (CD-SEM) and 1t 1s confirmed as to
whether or not the set focus condition and the set dose
amount are appropriate (step S108). It 1s possible to select a
portion at which the profile (line width) of the pattern 1s
changed depending on the changes of the focus and dose
amount as a portion at which the line width 1s measured.

After completing the confirmation by the electron micro-
scope (CD-SEM), 1n a case that the settings of the focus
condition and dose amount are not completed for all of the
optical exposers 60 (step S109: No), the process returns to
the step S101. In a case that the settings of the focus
condition and dose amount are completed for all of the
optical exposers 60 (step S109: Yes), the settings of the focus
condition and dose amount are completed.

Further, the 1mage processing section 40 1s capable of
periodically finding the vanation states of the focus and dose
amount in the optical exposer 60 by using the data of the
reference focus curve stored in the storing section 41. An
explanation will be made about a method for periodically
measuring the variation states of the focus and dose amount
in each of the optical exposers 60 with reference to the
flowchart shown in FIG. 7. At first, the FEM water 10a 1s
tormed by the optical exposer 60 in which the settings have
been performed as described above and the image of the
entire surface of the FEM water 10a 1s taken by using the
surface inspection apparatus 1 of this embodiment 1 a
similar manner as in the case of the diffraction mspection
(step S201).

After taking the image of the entire surface of the FEM
waler 10a 1 which the line pattern 1s formed by the optical
exposer 60 1n which the settings have been performed as
described above, the 1image processing section 40 finds, for
cach of the five measurement spots in the exposure shot, the
ograph (heremaiter referred to as a condition focus curve)
showing change of the luminance (signal intensity) of the
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diffracted light from the line pattern (vertical axis) with
respect to change of the focus (horizontal axis) (step S202).
In this situation, the luminance (signal intensity) of each of
the diffracted lights from the line pattern depending on the
change of the focus in the same dose amount (best dose
amount) 1s measured; and the condition focus curve 1s found
by using an average value of the measured luminance (signal
intensity) of the difiracted lights.

In a case that each of the FEM walters 10q 1s formed by
cach of the optical exposers 60 after the focus condition and
the dose amount are set as described above, it 1s not likely
to cause the difference 1n each line pattern formed 1n the
surface of the FEM wafer 10a by each of the optical
exposers 60 1n normal cases. However, in a case that the
state of the optical exposer 60 1s changed for some reasons,
the focus condition and the dose amount are varied 1n this
optical exposer 60; and the state of the line pattern formed
in the surface of the FEM water 10a 1s changed. After taking
the 1mage of the entire surface of the FEM water 10a by the
surface mspection apparatus 1 of this embodiment, 1n a case
that the state of the optical exposer 60 1s changed for some
reasons, the change of the state of the pattern depending on
the changes of the focus and dose amount 1s generated 1n the
form of the oflset horizontally and vertically. Thus, by
finding the changes of the focus and dose amount utilizing
the reference focus curve used 1n the previous settings, it 1s
possible to find the variation states of the focus and dose
amount 1n the optical exposer 60.

The 1mage processing section 40 compares the reference
focus curve stored in the storing section 41 and the condition
focus curve to find the vanation states of the focus and dose
amount 1n the optical exposer 60. Detailed 1llustration being
omitted, 1t 1s possible to utilize, for example, the fourth-
order function for the fitted curve of the condition focus
curve. In a case that 1t 1s caused the difference between the
reference focus curve and the condition focus curve, the
difference 1n the direction of the horizontal axis 1s caused by
the change of the focus; and the difference in the direction
of the vertical axis i1s caused by the change of the dose
amount.

At first, the 1image processing section 40 fits the reference
focus curve to the condition focus curve to have the best
correlation by using the image process of the pattern match-
ing. Next, the image processing section 40 finds respective
moving amounts 1n the directions of the horizontal axis and
the vertical axis generated when the reference focus curve 1s
fitted to the condition focus curve. This moving amount 1n
the direction of the horizontal axis corresponds to the change
of the focus of the optical exposer 60 depending on the
change in the state of the optical exposer 60; and the moving
amount 1n the direction of the vertical axis corresponds to
the luminance value caused by the change of the dose
amount.

The 1mage processing section 40 finds the variation
amount of the focus from the moving amount of the refer-
ence focus curve 1n the direction of the horizontal axis; and
finds the vanation amount of the dose amount from the
moving amount of the reference focus curve 1n the direction
of the vertical axis. By doing so, the image of the FEM wafer
10q 15 taken by using the surface mspection apparatus 1 of
this embodiment and the variation states of the focus and
dose amount 1n the optical exposer 60 are found automati-
cally by the image processing section 40, and thus there 1s
no need to measure the line width of the line pattern etc., by
using the electron microscope (CD-SEM). Therefore, 1t 1s
possible to measure the variation states of the focus and dose
amount for each of the optical exposers 60 1n a short period
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of time. Since it 1s possible to use the reference focus curve
CV1 found in the first measurement 1n each of the measure-
ments subsequent to the second measurement, there 1s no
need to measure the pattern exposed by the first optical
exposer by using the electron microscope (CD-SEM).

After finding the variation amounts of the focus and dose
amount, 1 a case that the measurements are not completed
tor all of the optical exposers 60 (step S203: No), the process
returns to the step S201. In a case that the measurements are
completed for all of the optical exposers 60 (step S203: Yes),
the measurements of the variation states of the focus and
dose amount for each of the optical exposers 60 are com-
pleted.

Further, the following processes can be performed. That
1s, 1n the step S201, the film thickness of the resist film of
cach of the waters to be exposed as the FEM water 10a 1s
measured in advance (details will be described hereinafter)
by using the surface mspection apparatus 1 of this embodi-
ment before the exposure by the optical exposer 60 1s
performed; and 1n the step S202, 1n the case that the variation
states of the focus and dose amount for each of the optical
exposers 60 are measured, the 1image processing section 40
performs the corrections of the focus and dose amount by
using the film-thickness data of the water to be subjected to
the measurements inputted from the film-thickness calcula-
tor 50. In particular, the luminance of the condition focus
curve (vertical axis) 1s corrected depending on the variation,
of the film thickness of the wafer at the time of measuring
the state, with respect to the film thickness of the water at the
time of the setting. This corrects the variation of the lumi-
nance (signal intensity) due to the variation of the film
thickness, and thus 1t 1s possible to measure the variation
states of the focus and dose amount for each of the optical
exposers 60 with a high degree of accuracy.

Here, an explanation will be made about a case in which
the film thickness of the thin film (resist film) formed 1n the
surface of the water (not shown) to be exposed 1s measured
by using the surface mspection apparatus 1 of this embodi-
ment. In this case, at first, the waler to be exposed 1s
transported on the stage 5 1n a stmilar manner as 1n the case
of the diffraction inspection. Next, the stage S 1s tilted so that
the specular light of the i1llumination light reflected by the
waler surface can be received by the light receiving system
30.

Next, the 1llumination lights, each of which has one of five
types of i1llumination wavelengths (for example, 546 nm,
436 nm, 405 nm, 313 nm, and 248 nm), 1rradiate the surface
of the water, respectively. Here, the 1llumination light hav-
ing one of the five types of wavelengths becomes the parallel
light beam to 1rradiate the surface of the water. The specular
light from the surface of the wafer 1s condensed by the
light-receiving-side concave mirror 31, and reaches the
imaging plane of the imaging device 33 to form the image
(specular 1mage) of the walfer to be exposed. Here, the
imaging device 35 photoelectrical converts the 1mage of the
waler formed on the imaging plane to generate an image
signal, and outputs the 1mage signal to the 1mage processing
section 40 for each of the five types of 1llumination wave-
lengths. The image processing section 40 generates a digital
image of the water to be exposed based on the image signal
inputted from the imaging device 35, and outputs the digital
image to the film-thickness calculator 50.

An explanation will be made about a fitting calculation
process executed by the film-thickness calculator 50. As for
an optical system, which 1s telecentric both on the 1llumi-
nation and imaging sides, like the optical system 1n this
embodiment, 1t 1s possible to adopt the thin-film interference
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expression 1n which the angle condition used for calculating
the reflectance curve as described above 1s adopted for the
entire area ol the reflection 1mage of the waler to be
subjected to the imaging. Therefore, 1t 1s possible to find the
f1lm thickness for each position on the water included 1n the
reflection 1image by performing the fitting process 1n which
it 1s searched, based on the reflectance table 51, the film
thickness which provides combination of the reflectance
indicated by the gradation value of each pixel included in the
reflection 1image for each of the wavelengths inputted into
the film-thickness calculator 50. The fitting calculation pro-
cess will be described below.

FIG. 14 1s a tflowchart showing the fitting calculation
process. At first, a reflectance calculator 52 calculates the
reflectance (R(A1), R(A2), ... ) at a reference position for the
wavelength (A1, A2, of the 1llumination light selected when
the reflection 1image 1s taken, based on the gradation value of
the pixel at the reference position included 1n the reflection
image generated by the image processing section 40; the
spectral intensity of the i1llumination light stored in the
measurement condition holding section 48; and the spectral
sensitivity (sensitivity for each wavelength) of the imaging
device 35 (step S301).

Next, a corrected value calculator 54 searches an esti-
mated film-thickness providing the retlectance calculated in
the step S301 from among the reflectance table 51; and
calculates the corrected value for each wavelength from the
estimated film-thickness obtained and an actual measured
film-thickness held in the film-thickness data holding sec-
tion 56 (step S302). The corrected value calculator 54 can
perform, for example, the following process. That 1s, the
corrected value calculator 54 finds film-thickness candidates
(for example, C1 to C4), each of which corresponds to the
intersection point between the reflectance curve correspond-
ing to the wavelength A1 and the straight line indicating the
actual reflectance of the wavelength A1 at the reference
point; and the difference between one of the film-thickness
candidates which 1s closest to an actual measurement value
t of the geometric film-thickness and this actual measure-
ment value t 1s determined as a corrected value 9, , obtained
when the film thickness 1s determined from the reflectance
of the wavelength Al. Similarly, the corrected value calcu-
lator 54 calculates a corrected value 0 corresponding to each
wavelength while changing each of the 1llumination wave-
lengths.

Next, the reflectance calculator 52 calculates the reflec-
tance for each wavelength based on the gradation value of
cach pixel mncluded 1n the reflection image stored in an
image storing section 47 for each of the wavelengths of the
illumination lights 1n a similar manner as the step S301 (step
S303). The reflectance calculated in the step S303 1s used for
the process of a candidate extracting section 53.

The candidate extracting section 53 extracts at least one of
the film-thickness candidates for each wavelength by finding
the intersection point between the reflectance calculated for
cach wavelength and the reflectance curve indicated by the
reflectance data held 1n the reflectance table 51 (step S304).

The film-thickness candidate(s) extracted as described
above 1s/are transierred to an error calculator 57 after a
correction processing section 35 corrects the film-thickness
candidate(s) by using the corrected value corresponding to
cach wavelength as described above (step S305).

Sets of the film-thickness candidates which have the
number of elements k1, k2, k3 . . . respectively, namely,
[COD). - . .. CODLY {CO2). . . ., CR2)),
{ICA3),, . . ., C(A3),a}, . . . are transferred from the
correction processing section 53 to the error calculator 57
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while corresponding to, for example, the respective wave-
lengths (A1, A2, A3 . .. ). In this case, the error calculator 57
calculates an error E expressed by the equation (Eq. 2) as
shown below, for all of the potential combinations 1n a case
of selecting each of the elements from among each of the
sets, by using the film-thickness candidates (C,,, C,,,
C,3, . . . ) selected from each of the sets in each of the
combinations (step S306).

E:(Chl_Ch2)2+(Ch2_Ch3)2+(ch3_chl)2+ SRR (Eq. 2)

For example, 1n a case that four film-thickness candidates,
namely, {C(Ai);, C(Ai),, C(A1);, C(Ai),} (i=1 to 5) are
obtained based on the reflectance corresponding to a target
pixel of the reflection 1mage taken with each of the 1llumi-
nation lights having the five types of wavelengths (for
example, 546 nm, 436 nm, 405 nm, 313 nm, and 248 nm),
the error calculator 57 calculates the error, for 4°(=1024)
combinations which are the potential combinations of the
four film-thickness candidates, by using the equation (Eq.
2).

A determination processing section 38 receives a calcu-
lation result obtained by the error calculator; detects the
combination of the film-thickness candidates having the
smallest error value; and for example, specifies an average
value of the film thickness candidates included in the
combination as a film-thickness measurement value found
from the reflectance (step S307). The film-thickness mea-
surement value specified by the determination processing
section 58 1s held in the film-thickness data holding section
56 corresponding to the pixel position in the reflection
1mage.

Here, it 1s judged as to whether or not the film-thickness
measurement value 1s obtained for all of the pixels included
in the reflection image of the wafler to be exposed (step
S308). In a case that it 1s judged that the film-thickness
measurement value 1s not obtained for all of the pixels, the
processes of steps S303 to S307 are repeated for each pixel
included in the reflection 1image.

On the other hand, in a case that it 1s judged that the
film-thickness measurement value 1s obtained for all of the
pixels, an inspection processing section 39 performs a
continuous mmspection process of film thickness distribution
based on the film thickness distribution held 1n the film-
thickness data holding section 56 (step S309). At first, the
ispection processing section 59 finds, for example, the
difference between the film-thickness measurement value t
(x1, y1) obtained corresponding to the target pixel, which 1s
indicated by the coordinates (x1, y1) and 1s included in the
reflection 1mage of the waler to be exposed, and the film-
thickness measurement value obtained corresponding to
cach of the pixels in the surroundings.

Subsequently, the difference between the film-thickness
measurement value corresponding to the target pixel and the
film-thickness measurement value corresponding to each of
the pixels 1n the surroundings 1s compared with a predeter-
mined threshold value. In a case that the diflerence 1s not
more than the predetermined threshold value, the inspection
processing section 59 judges that continuity 1s established
between the film-thickness measurement value correspond-
ing to the target pixel and the film-thickness measurement
value corresponding to each of the pixels 1in the surround-
ings. Then, the inspection process 1s completed.

In a case that the difference between the film-thickness
measurement value corresponding to the target pixel and the
f1lm-thickness measurement value corresponding to at least
one of the pixels 1n the surroundings exceeds the predeter-
mined threshold value, the inspection processing section 39
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judges that the measurement value 1s an abnormal value
departing from the target pixel and the correcting process of
the measurement value of the film thickness 1s performed.

In this case, the inspection processing section 59 1s
capable of performing the following processes. That is, the
ispection processing section 39 detects the combination
having an error which 1s obtained by the error calculator 57
and 1s small next to that of the combination detected in the
step S307; corrects the measurement value of film thickness
using an average value of the film-thickness candidates
included 1in the combination; and again 1spects the conti-
nuity between the film-thickness measurement value corre-
sponding to the target pixel and the film-thickness measure-
ment value corresponding to each of the pixels in the
surroundings.

In a case that the difference between the film-thickness
measurement value corrected as described above and the
film-thickness measurement value corresponding to each of
the pixels 1n the surroundings 1s not more than the prede-
termined threshold value, the mspection processing section
59 writes the film-thickness measurement value corrected
into the film-thickness data holding section 56. Then, the
ispection process 1s completed.

By repeating the above processes for all of the pixels, it
1s possible to inspect the film-thickness data obtained by
individually performing the fitting process for each of the
pixels based on a result corresponding to each of the pixels
in the vicinity of the target pixel; and to detect and correct
the abnormal value.

After completing the mnspection process, the film-thick-
ness data, 1n which the abnormal value has been corrected,
held 1n the film-thickness data holding section 56 1s output-
ted to the image processing section 40 1n the next step S310,
and the film-thickness data 1s used for each of the processes
executed by the image processing section 40.

Accordingly, since the specular 1image corresponding to
the entire surface of the waler to be exposed 1s obtained
wholly and collectively for each of the illumination wave-
lengths, 1t 1s possible to obtain the reflectance data required
for calculating the film-thickness 1n a short period of time.
Therefore, 1t 1s possible to measure the film thickness
distribution of the entire surface of the water 1n a very short
period of time.

According to this embodiment, the image processing
section 40 sets the focus condition or the dose amount for
cach of the optical exposers 60 subsequent to the second
optical exposer, based on the information of the light from
the surface of the FEM watler 10a exposed by each of the
optical exposers 60 subsequent to the second optical
exposer, by using the data of the focus condition or dose
amount set for the first optical exposer 60. Thus, 1t is
possible to set the focus condition and/or the dose amount
for each of the optical exposers 60 1n a short period of time
with a high degree of accuracy.

In particular, the 1mage processing section 40 sets the
focus condition and the dose amount for each of the optical
exposers 60 subsequent to the second optical exposer based
on the difference between the reference focus curve, which
indicates the correlation between the vanation of the focus
and the varnation of the luminance of the difiracted light 1n
the first optical exposer 60, and the sample focus curve,
which indicates the correlation between the variation of the
focus and the vanation of the luminance of the diffracted
light 1n each of the optical exposers 60 subsequent to the
second optical exposer. Thus, 1t 1s possible to easily set the
focus condition and the dose amount for each of the optical
exposers 60 subsequent to the second optical exposer 1n a
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short period of time. In this situation, by utilizing the 1mage
process of the pattern matching, 1t 1s possible to set the focus
condition and the dose amount for each of the optical
exposers 60 subsequent to the second optical exposer with
high degree of accuracy.

The 1mage processing section 40 finds the variation states
of the focus and dose amount 1n the optical exposer 60 based
on the difference between the condition focus curve, which
indicates the correlation between the variation of the focus
and the luminance of the diffracted light in the optical
exposer 60 after the setting, and the reference focus curve
used 1n the setting. Thus, 1t 1s possible to measure the
variation states of the focus and dose amount in the optical
exposers 60 (states of the plurality of optical exposers 60) 1n
a short period of time. In this situation, by utilizing the
image process ol the pattern matching, 1t 1s possible to set
the varnation states of the focus and dose amount in the
optical exposers 60 with high degree of accuracy.

The 1maging device 35 takes the image of the enftire
surface of the wafer wholly and collectively, and thus 1t 1s
possible to perform, for example, the settings and the like of
the focus condition and dose amount 1n a shorter period of
time.

In a case that the image by the diffracted light generated
from the surface of the water 1s taken, 1t 1s hardly aflected
by the variation of the film thickness of the resist film and
the like. Thus, it 1s possible to perform the settings of the
focus condition and dose amount and the like with high
degree of accuracy. In particular, the wavelength of a deep
ultraviolet region such as 248 nm and 313 nm (3-ray) can be
used for the wavelength of the illumination light.

In the embodiment described above, the following pro-
cesses are also allowable. That 1s, the setting of the focus
condition and the like 1s performed with higher degree of
accuracy by selecting a portion at which the profile (line
width) of the pattern 1s changed with a high sensitivity
depending on the change of the focus irrespective of the
change of the dose amount and finding the focus curve etc.
Alternatively, the setting of the dose amount and the like 1s
performed with higher degree of accuracy by selecting a
portion at which the profile (line width) of the pattern 1s
changed with a high sensitivity depending on the change of
the dose amount 1rrespective of the change of the focus and
finding the graph (dose curve) etc., indicating the change of
the luminance (signal intensity) of the line pattern (vertical
axis) with respect to the change of the dose amount (hori-
zontal axis).

In the embodiment described above, the settings of the
focus condition and dose amount and the like are performed
by using the diffracted light generated on the surface of the
waler. However, the present teaching 1s not limited thereto;
and 1t 1s allowable to use, for example, change(s) of the
state(s) of the specular light and/or the polarized light
generated on the surface of the wafer.

Next, an explanation will be made with respect to the case
of carrying out the PER inspection of the surface of the
waler 10 by the surface inspection apparatus 1. Noted that
the repetitive pattern 12 1s supposed to be, as shown 1n FIG.
4, a resist pattern (line pattern) where a plurality of line
portions 2A are aligned with a certain pitch P along the short
direction (X-direction). Further, there 1s a space portion 2B
between adjacent line portions 2A. Further, the direction of
aligning the line portions 2A (X-direction) will be referred
to as the “repetitive direction of the repetitive pattern 127,

Here, the design value of line width D , of each of the line
portions 2A 1n the repetitive pattern 12 1s supposed to be 5
of the pitch P. When the repetitive pattern 12 1s formed just

10

15

20

25

30

35

40

45

50

55

60

65

18

as following the design value, then the line width D , of each
of the line portions 2A 1s equal to the line width D, of each
of the space portions 2B, and the volume ratio between the
line portion 2A and the space portion 2B 1s substantially 1:1.
On the other hand, when the exposure focus (or dose
amount) deviates from an appropriate value 1n forming the
repetitive pattern 12, then the pitch P does not change but the
line width D , of each of the line portions 2A differs from the
design value and tfrom the line width D ; of each of the space
portions 2B and, as a result, the volume ratio between the
line portion 2A and the space portion 2B deviates from
substantially 1:1.

The PER 1nspection utilizes the change in the volume
ratio between the line portion 2A and the space portion 2B
in the repetitive pattern 12 as described above to carry out
abnormity mspection of the repetitive pattern 12. Further, 1n
order to simplify explanation, the ideal volume ratio (design
value) 1s supposed to be 1:1. The change 1n volume ratio 1s
because the exposure focus (or does amount) deviates from
the appropriate value, and appears 1n each shot region of the
waler 10. Further, 1t 1s possible to rephrase the volume ratio
as the area ratio of cross-section shape.

In the PER inspection, as shown 1n FIG. 2, the i1llumina-
tion-side polarizing filter 26 and the light-receiving-side
polarizing filter 32 are 1nserted 1nto the optical path. Further,
when carrying out the PER 1inspection, the stage 5 tilts the
waler 10 at an inclination angle such that the light receiving
system 30 can receive the specular light from the water 10
irradiated by the 1llumination light. Further, the stage S stops
at a predetermined rotation position to maintain the repeti-
tive direction of the repetitive pattern 12 in the watfer 10 as
45 degrees oblique to the oscillation direction of the 1llu-
mination light (linear polarized light L) on the surface of the
waler 10 as shown in FIG. 5. This 1s because the amount of
light for mspecting the repetitive pattern 12 1s maximized.
Further, when the angle 1s set to be 22.5 degrees or 67.5
degrees, the sensitivity of inspection 1s enhanced. The angle
1s not limited to these degrees but can be set 1n arbitrary
angular directions.

The 1llumination-side polanzing filter 26 1s provided
between the light guiding fiber 24 and the 1llumination-side
concave mirror 25, and its transmission axis 1s set 1n a
predetermined azimuth direction to extract the linear polar-
1zed light from the light emitted from the i1llumination unit
21 according to the transmission axis. At this time, because
the exit portion of the light guiding fiber 24 1s arranged 1n the
focal position of the i1llumination-side concave mirror 25,
the 1llumination-side concave mirror 25 makes the light
transmitted through the 1llumination-side polarizing filter 26
be a parallel light beam to irradiate the water 10 as a
semiconductor substrate. In this manner, the light exiting the
light guiding fiber 24 becomes the linear polarized light L of
p-polarization (see FIG. 5) via the i1llumination-side polar-
1zing filter 26 and the 1llumination-side concave mirror 25 to
irradiate the entire surface of the water 10 as the 1llumination
light.

At this time, because the propagating direction of the
linear polarized light L (the direction of the main light of the
linear polarized light L reaching any points on the surface of
the water 10) 1s approximately parallel to the optical axis,
the mcidence angle of the linear polarized light L at each
point of the water 10 1s i1dentical to each other due to the
parallelity. Further, because the linear polarized light L
incident on the watfer 10 1s p-polarized, as shown 1n FIG. 5,
when the repetitive direction of the repetitive pattern 12 1s
set at a 45-degree angle to the incidence surface of the linear
polarized light L (the propagating direction of the linear
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polarized light L on the surface of the wafter 10), the angle
formed between the oscillation direction of the linear polar-
1zed light L on the surface of the water 10 and the repetitive
direction of the repetitive pattern 12 1s also set at 45 degrees.
In other words, the linear polarized light L enters the
repetitive pattern 12 such that the oscillation direction of the
linear polarized light L. on the surface of the watfer 10 is
inclined 45 degrees with respect to the repetitive direction of
the repetitive pattern 12 and that the linear polarized light L
obliquely traverses the repetitive pattern 12.

The specular light reflected by the surface of the water 10
1s condensed by the light-receiving-side concave mirror 31
of the light receiving system 30 and reaches the imaging
plane of the imaging device 35. At this time, the polarization
state of the linear polarized light L changes due to the form
birefringence 1n the repetitive pattern 12. The light-receiv-
ing-side polarizing filter 32 1s provided between the light-
receiving-side concave mirror 31 and the imaging device 35,
and the azimuth of the transmission axis of the light-
receiving-side polarizing filter 32 1s set to be perpendicular
to the transmission axis of the i1llumination-side polarizing,
filter 26 described above (a crossed Nichol state). Therefore,
the light-recerving-side polarizing filter 32 can extract the
polarized component (the s-polarized component, for
example) almost orthogonal 1n the oscillation direction to
the linear polarized light L 1n the specular light from the
waler 10 (the repetitive pattern 12) to lead the same to the
imaging device 35. As a result, on the 1imaging plane of the
imaging device 35, the reflection 1image of the water 10 1s
formed by the polarized component almost orthogonal 1n the
oscillation direction to the linear polarized light L in the
specular light from the watfer 10.

In order for the surface mspection apparatus 1 to carry out
the PER 1nspection of the surface of the water 10, first, as
shown 1n FIG. 2, the illumination-side polanzing filter 26
and the light-receiving-side polarizing filter 32 are inserted
into the optical path, and the water 10 i1s carried onto the
stage 5 by the carnier device (not shown). Further, 1t 1s
possible to place the water 10 on the stage 5 1n predeter-
mined position and direction since the alignment mechanism
(not shown) acquires positional imformation of the pattern
formed 1n the surface of the water 10 1n carrying. Further, at
this time, the stage 5 tilts the water 10 at an inclination angle
such that the light receiving system 30 can receive the
specular light from the water 10 1rradiated by the 1llumina-
tion light. Further, the stage 5 stops at a predetermined
rotation position to maintain the repetitive direction of the
repetitive pattern 12 in the water 10 as 45 degrees oblique
to the oscillation direction of the i1llumination light (linear
polarized light L) on the surface of the wafer 10.

Next, the surface of the water 10 1s irradiated with the
illumination light. When 1rradiating the surface of the water
10 with the illumination light under such a condition, the
light exiting from the light guiding fiber 24 of the 1llumi-
nation unit 21 becomes the linear polarized light L of
P-polarization via the illumination-side polarizing filter 26
and the 1llumination-side concave mirror 25 to irradiate the
entire surface of the water 10 as the illumination light. The
specular light reflected by the surface of the wafer 10 1s
condensed by the light-receiving-side concave mirror 31,
and reaches the 1maging plane of the imaging device 35 to
form a (reflection) image of the wafer 10.

At this time, the polarization state of the linear polarized
light L changes due to the form birefringence 1n the repeti-
tive pattern 12. The light-receiving-side polarizing filter 32
can extract the polarized component (namely, the change 1n
the polarization state of the linear polarized light L) almost
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orthogonal 1n the oscillation direction to the linear polarized
light L 1n the specular light from the water 10 (the repetitive
pattern 12) to lead the same to the imaging device 35. As a
result, a reflection 1image of the water 10 1s formed on the
imaging plane of the imaging device 35, by the polarized
component almost orthogonal 1n the oscillation direction to
the linear polarized light L 1n the specular light from the
water 10.

Here, the imaging device 35 photoelectrical converts the
surface 1mage (reflection image) of the water 10 formed on
the 1imaging plane to generate an 1mage signal, and outputs
the 1mage signal to the 1mage processing section 40. The
image processing section 40 generates a digital image of the
waler 10 based on the 1mage signal of the water 10 inputted
from the imaging device 35. After generating the image
(digital image) of the water 10, the 1mage processing section
40 compares the image data of the water 10 with the image
data of nondefective waters to inspect whether or not there
1s any defect (abnormity) in the surface of the wafer 10.
Since luminance iformation (signal intensity) of the reflec-
tion 1mage ol nondefective walers 1s conceivably to show
the maximum luminance value, for example, “abnormity™ 1s
determined when the change in luminance compared with
nondefective walers 1s greater than a predetermined thresh-
old value (allowable value), while “normality” 1s determined
when 1t 1s less than the threshold value. Then, the inspection
result from the image processing section 40 and the image
of the relevant water 10 are outputted and displayed on the
image display device (not shown).

The 1image processing section 40 1s capable of finding the
reference focus curve and the sample focus curve by the
polarized light for the optical exposer 60 by utilizing the
image of a developed water exposed under the condition of
changing the focus and dose amount of the optical exposer
60 for each shot. Then, 1n a case that respective moving
amounts in the directions of the horizontal axis and the
vertical axis generated when the reference focus curve i1s
fitted to the sample focus curve are found, it 1s possible to
set the optimal focus condition and dose amount for each of
the optical exposers 60 subsequent to the second optical
exposer 1 a short pertod of time with a high degree of
accuracy in the same manner as in the case of the diffracted
light. In particular, 1t 1s allowable to perform the following
processes 1n the step S105 of the flowchart shown in FIG. 6.
That 1s, the linear polarized light L as the illumination light
1s 1rradiated to the surface of the FEM water 10q; the
imaging device 335 photoelectrical converts the reflection
image ol the FEM water 10a to generate the image signal;
and the 1mage signal i1s outputted to the 1image processing
section 40.

In a case that the illumination and the imaging of the
waler and the like are performed 1n the same manner as in
the case of the PER 1nspection, the image processing section
40 1s capable of finding the condition focus curve by the
polarized light of the optical exposer 60. Thus, 1t 1s possible
to measure the variation states of the focus and dose amount
for the plurality of optical exposers 60 after the setting 1n a
short period of time with a high degree of accuracy. In
particular, 1t 1s allowable to perform the following processes
in the step S201 of the flowchart shown 1n FIG. 7. That 1s,
the linear polarized light L. as the illumination light 1s
irradiated to the surface of the FEM water 10q; the imaging
device 35 photoelectrical converts the reflection 1image of
the FEM watler 10a to generate the image signal; and the
image signal 1s outputted to the 1mage processing section 40.

In the above embodiment, it 1s used the developed FEM
waler 10a exposed under the condition of changing the
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focus and dose amount of the optical exposer 60 for each
shot. However, the present teaching 1s not limited thereto. It
1s possible to use developed waters each exposed under the
condition of changing the focus and dose amount of the
optical exposer 60 for each of the wafers.

In the above embodiment, 1t 1s performed the setting with
respect to the same process for the plurality of optical
exposers 60 (the devices are individually different from one
another). However, the present teaching 1s not limited
thereto. For example, the present teaching 1s applicable to a
case as lollows. That 1s, for example, after performing the
setting with respect to a predetermined process for one
optical exposer 60, setting with respect to another process 1s
performed for the one optical exposer 60. Then, setting with
respect to the same process as the predetermined process 1s
again performed for the one optical exposer 60 at time
different from the time at which the setting with respect to
the predetermined setting 1s performed {irst.

In the above embodiment, 1t 1s measured the film thick-
ness of the than film (resist film) formed on the surface of the
waler to be exposed. However, the present teaching 1s not
limited thereto. It 1s allowable to measure the film thickness
of the thin film on the surface of the exposed water.

As a construction of the mspection apparatus, the follow-
ing construction 1s also allowable. For example, the 1nspec-
tion apparatus 1s provided with a stage which supports a
semiconductor substrate which 1s exposed by an optical
exposer to have a predetermined pattern formed on a film of
a surface thereof; an 1rradiation section which irradiates the
surface of the semiconductor substrate supported by the
stage with an 1llumination light; a detector which detects a
light from the surface of the semiconductor substrate to
which the 1llumination light 1s 1rradiated; a setting calculator
which calculates, by using a focus condition as a reference
or an exposure amount as a reference set in the optical
exposer, based on mformation of the light, detected by the
detector, from the surface of the semiconductor substrate
exposed by another optical exposer which 1s temporally or
individually different from the optical exposer, an adjust-
ment value of a focus condition or an exposure amount for
the another optical exposer which 1s temporally or individu-
ally different from the optical exposer; and a film-thickness
measurer which measures a film thickness of the film on the
surface of the semiconductor substrate exposed by each of
the optical exposer and the another optical exposer which 1s
temporally or individually different from the optical exposer.
The setting calculator can be configured to perform correc-
tion of the adjustment value based on each film thickness
measured by the film-thickness measurer.

It 1s possible that the ispection apparatus as described
above further includes a storing section in which there 1s
stored a first correlation which 1s a correlation between a
variation of the focus condition or the exposure amount in
the optical exposer and a vanation of the luminance from the
pattern formed by being exposed by the optical exposer.
Further, it 1s possible that the setting calculator finds a
second correlation based on information of the light,
detected by the detector, from the surface of the semicon-
ductor substrate exposed by the another optical exposer
which 1s temporally or individually different from the optical
exposer while changing the focus condition or the exposure
amount for each shot. Wherein the second correlation 1s a
correlation between a variation of the focus condition and
the exposure amount in the another optical exposer which 1s
temporally or individually different from the optical exposer
and a variation of the luminance from the pattern formed by
being exposed by the another optical exposer which 1s
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temporally or individually diflerent from the optical exposer.
Then 1t 1s possible that the setting calculator calculates the
adjustment value based on the difference between the second
correlation and the first correlation stored in the storing
section.

In the mspection apparatus as described above, 1t 1s
possible to find the diflerence between the second correla-
tion and the first correlation by using the image process of
the pattern matching.

In the 1nspection apparatus as described above, 1n a case
that the setting calculator calculates the adjustment value, 1t
1s possible that the 1lluminator 1rradiates, with the 1llumina-
tion light, the surface of the semiconductor substrate
exposed by the another optical exposer which 1s temporally
or individually different from the optical exposer so that a
diffracted light 1s generated on the pattern of the semicon-
ductor substrate exposed by the another optical exposer
which 1s temporally or individually different from the optical
exposer; that the detector detects the diflracted light gener-
ated on the pattern of the semiconductor substrate to which
the 1llumination light 1s 1rradiated; and that the setting
calculator calculates the adjustment value based on infor-
mation of the diffracted light detected by the detector. In a
case that the film-thickness measurer measures the film
thickness, it 1s possible that the 1lluminator irradiates, with
the i1llumination light, the surface of the semiconductor
substrate exposed by each of the optical exposer and the
another optical exposer which 1s temporally or individually
different from the optical exposer; that the detector detects
a specular light from the surface of the semiconductor
substrate to which the i1llumination light i1s irradiated; and
that the film-thickness measurer measures the film thickness
based on information of the specular light detected by the
detector.

In the 1nspection apparatus as described above, 1n a case
that the setting calculator calculates the adjustment value,
the illuminator can irradiate, with an approximately-lin-
carly-polarized light as the 1llumination light, the surface of
the semiconductor substrate exposed by the another optical
exposer which 1s temporally or mdividually different from
the optical exposer; the detector can detect change of the
approximately-linearly-polarized light due to form birefrin-
gence in the pattern of the semiconductor substrate to which
the approximately-linearly-polarized light 1s irradiated; the
setting calculator can calculate the adjustment value from
the change of the approximately-linearly-polarized light
detected by the detector. In a case that the film-thickness
measurer measures the film thickness, the 1lluminator can
irradiate, with the illumination light, the surface of the
semiconductor substrate exposed by each of the optical
exposer and the another optical exposer which 1s temporally
or individually different from the optical exposer; the detec-
tor can detect a specular light from the surface of the
semiconductor substrate to which the 1llumination light 1s
irradiated; and the film-thickness measurer can measure the
film thickness based on information of the specular light
detected by the detector.

What 1s claimed 1s:

1. An mspection apparatus comprising:

an 1lluminator configured to irradiate a pattern formed by
an exposure with an i1llumination light;

a detector configured to detect intensity of a retlected light
from the pattern to which the illumination light is
irradiated; and

a setting calculator connected to the detector communi-
cably and configured to calculate a difference of expo-
sure conditions between a first optical exposure appa-
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ratus and a second optical exposure apparatus based on

first information and second information,

wherein the first information 1s related to a change of
detected amounts of the intensity of the reflected
light, from a first plurality of patterns, with respect to
a change of exposure conditions of the first optical
exposure apparatus, each of the first plurality of
patterns being formed by the first optical exposure
apparatus by varying exposure conditions of the first
optical exposure apparatus,

wherein the second information 1s related to a change
ol detected amounts of the intensity of the reflected
light, from a second plurality of patterns, with
respect to a change of exposure conditions of the
second optical exposure apparatus, each of the sec-
ond plurality of patterns being formed by the second
optical exposure apparatus by varying exposure con-
ditions of the second optical exposure apparatus, and

wherein the setting calculator outputs information for
setting exposure conditions, including at least one of
a Tfocus and an exposure amount, of one of the first
optical exposure apparatus and the second optical
exposure apparatus, the information being based on
the difference of exposure conditions between the
first optical exposure apparatus and the second opti-
cal exposure apparatus, and

wherein the setting calculator 1s configured to output
the information to at least one of the first or second
optical exposure apparatuses, or to a computer which
1s communicably connected to at least one of the first
or second optical exposure apparatuses.

2. The inspection apparatus according to claim 1, wherein
the apparatus 1s further comprising a memory configured to
store the first information,

wherein the deviation between the first information and

the second information 1s calculated based on the first
information stored in the memory.

3. The inspection apparatus according to claim 1, wherein
an 1mage processor compares the first information with the
second 1nformation by a pattern matching between a curve
illustrated by the first information and a curve 1llustrated by
the second information.

4. The 1nspection apparatus according to claim 1, wherein
first exposure conditions set to the first optical exposure
apparatus are determined based on a measurement result of
a profile of the pattern.

5. The inspection apparatus according to claim 1, wherein
the first plurality of patterns, which 1s formed under the first
exposure conditions by the first optical exposure apparatus,

including at least one lens, adjusted based on the deviation
calculated, 1s 1lluminated to find the first information.

6. The inspection apparatus according to claim 1, wherein
the 1intensity of the reflected light 1s detected by the detector
at a plurality of portions in the first plurality of patterns
formed by one exposure of the first optical exposure appa-
ratus or at a plurality of portions in the second plurality of
patterns formed by one exposure of the second optical
exposure apparatus.

7. The inspection apparatus according to claim 1, wherein
the 1lluminator irradiates wholly an entire surface of a
substrate on which the first plurality of patterns or the second
plurality of patterns are formed with the i1llumination light
which 1s a substantially parallel light beam, and

the detector detects a light from the entire surface of the

substrate to which the illumination light 1s 1rradiated
wholly and collectively.
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8. The inspection apparatus according to claim 1, wherein
the detector detects a diffracted light, which 1s generated on
the first plurality of patterns or the second plurality of
patterns by 1rradiating the first plurality of patterns or the
second plurality of patterns with the 1llumination light.

9. The inspection apparatus according to claim 1, wherein
the illuminator irradiates the surface of a substrate with a
substantially linearly-polarized light as the 1llumination
light; and

the detector detects a polarized component 1n an oscilla-

tion direction which 1s substantially orthogonal to an
oscillation direction of the substantially linearly-polar-
1zed light reflected by the substrate.

10. The mspection apparatus according to claim 1,

wherein the setting calculator corrects the difference

between the first information and the second informa-
tion based on film thickness of a resist film on which
the first plurality of patterns or the second plurality of
patterns are formed.

11. The inspection apparatus according to claim 10,
wherein the film thickness 1s based on a specular light from
the resist film 1lluminated by the i1llumination light of the
i1lluminator.

12. The inspection apparatus according to claim 10,
wherein the specular light includes a plurality of specular
lights from the resist film 1lluminated by i1llumination lights
having a plurality of wavelengths and the film thickness 1s
based on each of the specular lights.

13. An mspection method, comprising:

illuminating a pattern formed by an exposure with an

illumination light;

detecting intensity of a reflected light from the pattern to

which the illumination light 1s 1rradiated;

calculating a difference of exposure conditions between a

first optical exposure apparatus and a second optical

exposure apparatus based on first information and

second information,

wherein the first information 1s related to a change of
detected amounts of the intensity of the retlected
light, from a first plurality of patterns, with respect to
a change of exposure conditions of the first exposure
apparatus, each of the first plurality of patterns being
formed by the first optical exposure apparatus by
varying exposure conditions of the first optical expo-
sure apparatus,

wherein the second information 1s related to a change
of detected amounts of the intensity of the reflected
light, from a second plurality of patterns, with
respect to a change of exposure conditions of the
second optical exposure apparatus, each of the sec-
ond plurality of patterns being formed by the second
optical exposure apparatus by varying exposure con-
ditions of the second optical exposure apparatus, and

wherein information, which 1s for setting exposure
conditions, including at least one of a focus and an
exposure amount, ol one of the first optical exposure
apparatus and the second optical exposure apparatus,
and which 1s based on the difference of exposure
conditions between the first optical exposure appa-
ratus and the second optical exposure apparatus is
output to at least one of the first or second optical
exposure apparatuses, or to a computer which 1s
communicably connected to at least one of the first
or second optical exposure apparatuses.

14. The mspection method according to claim 13, wherein
cach of the exposure conditions of the first optical exposure
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apparatus and the exposure conditions of the second optical
exposure apparatus 1s at least one of a focus and an exposure
amount.

15. The mspection method according to claim 13, wherein
the deviation 1s found by using a pattern matching between
a curve 1llustrated by the first approximated function and the
second approximated function.

16. The inspection method according to claim 13, wherein
the intensity of the reflected light 1s detected at a plurality of
portions 1n the first plurality of patterns formed by one
exposure ol the first optical exposure apparatus or at a
plurality of portions in the second plurality of patterns
formed by one exposure of the second optical exposure
apparatus.

17. The mspection method according to claim 13, wherein
information based on the diflerence of exposure conditions
between the first optical exposure apparatus and the second
optical exposure apparatus 1s output outputted to the second
optical exposure apparatus by which the second plurality of
patterns 1s formed under the exposure conditions of the
second optical exposure apparatus.

18. The mnspection method according to claim 13, wherein
the difference of exposure conditions between the first
optical exposure apparatus and the second optical exposure
apparatus 1s corrected based on a film thickness of a resist
film before the pattern 1s exposed.

19. The mspection method according to claim 18, wherein
the film thickness 1s found based on a specular light from the
resist film 1lluminated.

20. The mspection method according to claim 18, wherein
the 1llumination light has a plurality of i1llumination lights
having a plurality of wavelengths, and

the resist film 1s 1rradiated with each of the plurality of
illumination lights to find the film thickness based on a
specular light from the resist film by each of the
plurality of illumination lights.

21. The inspection apparatus according to claim 1,
wherein both the parameter of the exposure conditions of the
first optical exposure apparatus and the parameter of the
exposure conditions of the second optical exposure appara-
tus are at least one of a focus and an exposure amount.

22. The inspection apparatus according to claim 1,
wherein a range of the exposure conditions of the first
optical exposure apparatus overlaps with at least a part of a
range ol the exposure conditions of the second optical
exposure apparatus.

23. An mspection apparatus comprising:

an 1lluminator configured to 1rradiate a pattern formed by
an exposure with an illumination light;

a detector configured to detect amount of intensity of a
reflected light from the pattern to which the 1llumina-
tion light 1s 1rradiated; and

a processor connected to the detector communicably and
configured to:

calculate a difference of exposure conditions between a
first exposure by an optical exposure apparatus and a
second exposure by the optical exposure apparatus
based on first information and second information,

wherein the first information 1s related to a change of
detected amounts of the itensity of the reflected light,
from a first plurality of patterns with respect to a change
of exposure conditions of the optical exposure appara-
tus, each of the first plurality of patterns being formed
by the optical exposure apparatus by varying exposure
conditions of the optical exposure apparatus,

wherein the second mnformation 1s related to a change of
detected amounts of the itensity of the reflected light,
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from a second plurality of patterns, with respect to a
change of exposure conditions of the optical exposure
apparatus, each of the second plurality of patterns being
formed by the optical exposure apparatus, after elapse
of a certain period of time from forming the first
plurality of patterns, by varying exposure conditions of
the optical exposure apparatus, and

wherein the processor outputs information for setting
exposure conditions, including at least one of a focus
and an exposure amount, of the optical exposure appa-
ratus, the information being based on the difference of
exposure conditions between the first exposure and the
second exposure,

wherein the processor 1s configured to output the infor-
mation to the optical exposure apparatus, or to a
computer which 1s communicably connected to the
optical exposure apparatus.

24. An mspection method, comprising:

illuminating a pattern formed by an exposure with an
illumination light;

detecting intensity of a reflected light from the pattern to
which the illumination light 1s 1rradiated; and

calculating a diflerence of exposure conditions between a
first exposure by an optical exposure apparatus and a
second exposure by the optical exposure apparatus
based on first information and second information,

wherein the first information 1s related to a change of
detected amounts of the intensity of the reflected light,
from a first plurality of patterns, with respect to a
change of exposure conditions of the optical exposure
apparatus, each of the first plurality of patterns being
formed by the optical exposure apparatus by varying
exposure conditions of the optical exposure apparatus,

wherein the second information 1s related to a change of
detected amounts of the intensity of the reflected light,
from a second plurality of patterns, with respect to a
change of exposure conditions of the optical exposure
apparatus, each of the second plurality of patterns being,
formed by the optical exposure apparatus, after elapse
of a certain period of time from forming the first
plurality of patterns, by varying exposure conditions of
the optical exposure apparatus, and

wherein information which 1s for setting exposure con-
ditions, icluding at least one of a focus and an expo-
sure amount, of the optical exposure apparatus, and
which 1s based on the difference of exposure conditions
between the first exposure and the second exposure 1s
output to the optical exposure apparatus, or to a com-
puter which 1s communicably connected to the optical
exposure apparatus outputted.

25. The mspection apparatus according to claim 1,

wherein the setting calculator 1s configured to use a first
approximated function, as the first information, which
1s obtained by a function fitting between the change of
detected amounts of the intensity of the reflected light
from the first plurality of patterns and the change of the
exposure conditions of the first optical exposure appa-
ratus, and

wherein the setting calculator 1s configured to use a
second approximated function, as the second informa-
tion, which 1s obtained by a function fitting between the
change of detected amounts of the intensity of the
reflected light from the second plurality of patterns and
the change of the exposure conditions of the second
optical exposure apparatus.
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26. The mspection method according to claim 13,

wherein a first approximated function 1s used as the first
information, which 1s obtained by a function fitting
between the change of detected amounts of the inten-
sity of the reflected light from the first plurality of >
patterns and the change of the exposure conditions of
the first optical exposure apparatus, and

wherein a second approximated function 1s used as the

second information, which 1s obtained by a function
fitting between the change of detected amounts of the
intensity of the reflected light from the second plurality
ol patterns and the change of the exposure conditions of
the second optical exposure apparatus.

277. The mspection apparatus according to claim 23,

wherein the processor 1s configured to use a first approxi-
mated function, as the first information, which 1s
obtained by a function fitting between the change of
detected amounts of the intensity of the retlected light
from the first plurality of patterns and the change of the
exposure conditions of the optical exposure apparatus,
and

wherein the processor 1s configured to use a second
approximated function, as the second information,
which 1s obtained by a function fitting between the
change of detected amounts of the intensity of the
reflected light from the second plurality of patterns an
the change of the exposure conditions of the optical
exposure apparatus.

28. The mspection method according to claim 24,

wherein a first approximated function 1s used as the first
information, which 1s obtained by a function fitting
between the change of detected amounts of the inten-
sity of the reflected light from the first plurality of
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patterns and the change of the exposure conditions of
the optical exposure apparatus, and

wherein a second approximated function 1s used as the

second 1nformation, which 1s obtained by a function
fitting between the change of detected amounts of the
intensity of the reflected light from the second plurality
of patterns and the change of the exposure conditions of
the optical exposure apparatus.

29. The inspection apparatus according to claim 25,
wherein the setting calculator 1s configured to calculate the
difference of exposure conditions between the first optical
exposure apparatus and the second optical exposure appa-
ratus by comparing the first approximated function and the
second approximated function.

30. The inspection method according to claim 26, wherein
the difference of exposure conditions between the first
optical exposure apparatus and the second optical exposure
apparatus 1s calculated by comparing the first approximated
function and the second approximated function.

31. The inspection apparatus according to claim 27,
wherein the processor 1s configured to calculate the differ-
ence of exposure conditions due to a change of the exposure
condition of the optical exposure apparatus after elapse of
the certain period of time from forming the patterns by
comparing the first approximated function and the second
approximated function.

32. The inspection method according to claim 28, wherein
the difference of exposure conditions due to a change of the
exposure condition of the optical exposure apparatus after
clapse of the certain period of time from forming the patterns
1s calculated by comparing the first approximated function
and the second approximated function.
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